Background: Perioperative risk during coronary artery bypass grafting (CABG) is reportedly high in patients with chronic renal disease. We aimed to determine postoperative mortality and morbidity and identify the perioperative risk factors of mortality during CABG in hemodialysis (HD)-dependent patients.
oronary artery disease (CAD) frequently occurs in patients with chronic renal failure (CRF) and is a major cause of mortality and morbidity in these patients. 1 CRF patients with CAD often need myocardial revascularization, and of the revascularization techniques, coronary artery bypass grafting (CABG) has been reported as having satisfactory survival rates in patients with kidney disease. 2, 3 CABG has also been shown to yield better overall and angina-free survival than does percutaneous coronary intervention (PCI). 4-6 However, the operative mortality and morbidity are reportedly high compared with those of non-hemodialysis (HD) patients in both the short-and long-term. The hospital death rate after isolated CABG in HD-dependent patients was reported to be approximately 10%, which was higher than that for PCI. 7,8
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Therefore, an appropriate surgical strategy and perioperative medical treatment based on the identification of perioperative risk factors would lead to an improvement in the clinical outcomes of these surgical procedures. For the past few decades, various studies have reported the clinical outcome of cardiac surgery in CRF patients, but almost all have been from single centers or consist of less than 200 patients. 1 Moreover, we found few previous large-scale studies that focused on isolated CABG and included multivariate analysis of perioperative risk factors of operative mortality. 8 Therefore, in the present study we examined 19,687 isolated CABG patients, including 1,300 HD-dependent patients, C 1116 YAMAUCHI T et al.
from between 2005 and 2008 in the Japan Adult Cardiovascular Surgery Database (JACVSD) to determine the contemporary clinical outcome of isolated CABG and to determine the risks for perioperative death following CABG in patients with HD-dependent CRF. We then discuss the appropriate surgical strategy for and the perioperative medical management of such patients.
Methods

Study Population
The JACVSD was initiated in 2000 to estimate surgical outcomes after cardiovascular procedures in many centers throughout Japan. The JACVSD adult cardiovascular division currently captures clinical information from nearly half of all Japanese hospitals performing cardiovascular surgery. The data collection form has a total of 255 variables (definitions are available online at http://www.jacvsd.umin.jp), and these are almost identical to those in the Society of Thoracic Surgeons (STS) National Database (definitions are available online at http://sts. org). The JACVSD has developed software for a web-based data collection system through which the data manager of each participating hospital electronically submits the data to the central office. Although participation in the JACVSD is voluntary, data completeness is a high priority. Accuracy of submitted data is maintained by data audit achieved by monthly visits by administrative office members to the participating hospital to check data against clinical records. Validity of data is further confirmed by an independent comparison of the volume of cardiac surgery at a particular hospital entered in the JACVSD with that reported to the Japanese Association for Thoracic Surgery annual survey. 9 We examined cases of isolated CABG between January 1, 2005 and December 31, 2008. JACVSD records that had been obtained without the patient's informed consent were excluded from this analysis. Records with missing or out of range age, sex, or 30-day status (see Endpoints section below) were also excluded. After data cleaning, the population for this risk model analysis consisted of 1,300 HD-dependent patients and 18,387 non-HD-dependent patients who underwent cardiovascular procedures at 167 participating sites throughout Japan. 
Endpoints
The primary outcome measure of the JACVSD was 30-day operative mortality, which was defined exactly the same as the 30-day operative mortality in the STS National Database. The 30-day operative mortality included any patient who died during the index hospitalization, regardless of the length of hospital stay, and any patient who died after being discharged from hospital within 30 days of the operation. Operative mortality also included any patients who died after 31 days during the hospital stay in addition to patients included in the 30-day mortality. Using a definition from previous studies, 10,11 major morbidity was defined as any of the following 5 postoperative in-hospital complications: stroke, reoperation for any reason, need for mechanical ventilation for more than 24 h after surgery, renal failure, or deep sternal wound infection.
Statistical Analysis
We examined differences between 2 groups (isolated CABG with and without HD) using bivariate tests: Fisher's exact test and the chi-square test for categorical covariates, and the unpaired t-test or Wilcoxon rank sum test for continuous covariates. To develop risk models of isolated CABG with HD, we conducted multivariate stepwise logistic regression analysis for each outcome. Stability of the model was checked every time a variable was eliminated. When all statistically nonsignificant variables (P<0.10) had been eliminated from the model, "goodness-of-fit" was evaluated and the area under the receiver-operating characteristic curve was used to assess how well the model could discriminate between patients who lived from those who had died. To investigate the relationship between postoperative complications and operative death in HD patients, we conducted multivariate stepwise logistic regression analysis for operative mortality. Complications such as cardiac arrest and multisystem failure were excluded from this analysis because they are highly associated with operative death.
Results
Patient Demographics
Baseline characteristics of the study population are summarized in , and tricuspid valve regurgitation (>2) (8.7% vs. 5.4%) were more common in HD patients. In both the HD and non-HD groups, off-pump surgery was performed approximately twice as often as onpump surgery, and the off-pump ratio did not differ between groups. Transfusion was required more often in the HD group. Bilateral internal mammary artery usage in the HD group was less frequent than in the non-HD group (22.8% vs. 31.4%) ( Table 2) .
Postoperative Outcomes
In-hospital outcomes are summarized in Table 3 . The 30-day mortality was 4.8% vs. 1.4% and the operative mortality was 7.8% vs. 2.1% in the HD and non-HD groups, respectively. Both the 30-day and operative mortalities in HD patients were approximately 3-fold more frequent than in non-HD patients.
Operative mortality with a major complication was more frequent in the HD group (23.1% vs. 13.7%).
Multivariate Predictors of In-Hospital Death
Multivariate predictors of operative mortality are summarized in Table 4 . Predictors of operative mortality included IMA, internal mammary artery. Other abbreviations see in Table 1 . 
Relationship Between Operative Mortality and Postoperative Complications
Results are summarized in Table 5 . Among the complications observed relatively often (incidence >3%), prolonged ventilation (OR=3.82), pneumonia (OR=13.15), infection (OR=6.72), and gastrointestinal complications (OR=5.43) were significant factors in operative mortality.
Discussion
We investigated the clinical outcomes and risk factors of operative mortality and morbidity in patients with (n=1,300) and without (n=18,387) HD who underwent isolated CABG. The study data was extracted from the JACVSD, and is one of the largest comparative series of post-CABG outcomes in such patients. 8, 12 The operative mortality of HD patients after isolated CABG in this study was 7.8%, which was similar to previous studies that reported an operative mortality of approximately 10%. 8,12
As previously reported, HD patients have more preoperative comorbidities. Compared with other reports, the rates of emergency operation, male sex, shock state, and off-pump CABG tended to be high in this study, and those of congestive heart failure and chronic lung disease tended to be low. Age, hypertension, NYHA status, and prevalence of valvular disease were comparable. The postoperative morbidity rate of the HD group was higher than that in the non-HD group. Major postoperative morbidity (stroke, prolonged ventilation, deep sternal infection, renal failure and reoperation for any reason) were also comparable with those in the reports from the STS database, which included 7,152 dialysis patients. 8 Besides the major complications, the prevalence of leg infection, pneumonia, transient ischemic attack, cardiac arrest, gastrointestinal complications, multisystem failure, and limb ischemia in HD patients was significantly higher than in non-HD patients.
A series of studies have reported early and late outcomes of CABG with and without valve operations in CRF patients. [13] [14] [15] [16] In those studies, several risk factors were reported for mortality after cardiac surgery in HD-dependent patients. Many reports have found a low ejection fraction to be an independent risk factor, 17-20 which was consistent with the findings of the present study. However, we found no previous large-scale studies that focused on isolated CABG and included a multivariate analysis of risk factors for hospital mortality. As a large-scale report that focused on isolated CABG, Cooper et al demonstrated that the glomerular filtration rate was a powerful predictor of operative morbidity after isolated CABG in 7,152 HD patients. 8 Charytan et al analyzed 77,323 non-HD and 635 HD patients who underwent CABG that included valve surgery. They demonstrated that HD-dependence, congestive heart failure, valvular heart disease, valve surgery, female sex, age, pathological weight loss, chronic lung disease, neurological disorders, admission for myocardial infarction, and liver disease were adjusted risks for perioperative mortality. 12 Regarding valvular disease, we also demonstrated that AVR (>2) and MVR (>3) were independent risk factors for operative mortality after isolated CABG. The question then arose regarding whether valve operation should be performed simultaneously with CABG when moderate AVR or MVR was complicated. Horst et al reported that the risk for perioperative death associated with CABG combined with valve operation was approximately 10-fold that for isolated CABG. 1 Charytan et al also demonstrated concomitant valve surgery as a perioperative risk factor. 12 the surgical management of moderate, chronic ischemic MVR combined with CABG is still controversial. 21, 22 Combined mitral valve surgery has been reported to be significantly associated with a lower residual grade of MVR compared with CABG alone. On the other hand, it has been reported that CABG alone was able to reduce the MVR grade in 40% of patients. 23 From the postoperative NYHA status perspective, the effect of mitral valve surgery is also controversial. 23, 24 As for late mortality, a meta-analysis of 2,479 ischemic MVR patients showed that mitral valve surgery did not have advantages for late mortality compared with CABG alone. 24 As for aortic valve disease, most surgeons would not perform concomitant aortic valve surgery in HD patients with AVR=2. However, concomitant aortic valve surgery might be taken into consideration in some cases complicated by AVR >3. In the present study, the cohort of AVR >3 was very small (non-HD group: <100 patients, HD group: <10 patients.) Therefore, it was very difficult to investigate whether AVR >3 is a risk factor or not for postoperative mortality in our multivariate analysis. Table 1 . Tables 1,4 
. CABG in HD-Dependent Patients
In summary, concomitant surgery should be performed with consideration of the "risks and benefits" of additional valve surgery, and further study is necessary.
Relatively few large-series reports have documented the detailed incidence of postoperative morbidity after isolated CABG in HD-dependent patients. 8, 12 Compared with non-HD patients, the incidence of major postoperative complications was high in HD-dependent patients in the present study, as previously reported. Postoperative complications could be considered to be closely associated with higher mortality. The higher incidence of these complications in HD-dependent patients might partly explain their poor clinical outcomes. To improve the clinical outcome of isolated CABG in HD, it seems important to prevent these complications. The complications that occurred at a relatively high incidence (>3%) in the present study were infection, prolonged ventilation, pneumonia, atrial fibrillation, reoperation for bleeding, and gastrointestinal complications. Among these, infection, prolonged ventilation, pneumonia, and gastrointestinal complications were significant independent risk factors for operative mortality.
Several studies have reported that higher mortality rates are associated with infection in HD-dependent patients undergoing cardiac surgery. Takami et al reported that following cardiac surgery in their 245 HD patients, almost half of the cases of hospital death were related to infection. 25 Akman et al demonstrated that infection was an independent postoperative risk factor for mortality after CABG in HD-dependent patients, and suggested the importance of early diagnosis of infection for both early recovery and shorter hospitalization in the postoperative period. 7 Mangi et al reported that the incidence of gastrointestinal complications requiring surgical repair after cardiac and vascular surgery was 0.53% (46/8,709). 26 Of these, mesenteric ischemia comprised 67% and two-thirds of these patients died.
To prevent gastrointestinal complications, especially mesenteric ischemia, preoperative abdominal screening, bowel preparations, and postoperative volume control might be important in isolated CABG for HD-dependent patients.
To prevent postoperative pulmonary complications, preoperative risk stratification and a risk-reduction strategy seem important. As for postoperative respiratory complications, COPD, the prevalence of which is higher by 10-12% among cardiovascular surgical candidates compared with aged-matched populations, might be one of the most important risk factors. 27 Several advances in surgery and anesthetic care have been shown to be particularly beneficial for COPD patients. Compared with standard operations, minimally invasive procedures produce less tissue damage and, in turn, attenuated neurohumoral and inflammatory responses. 27 Off-pump bypass is considered to be a minimally invasive surgery in coronary artery operations. Patients with FEV1 (1 s to forced vital capacity) less than the lower limit of normal have better outcomes after off-pump bypass compared with those post-CABG. 28 
Conclusions
Compared with non-HD patients, CABG in HD patients was associated with high mortality and morbidity rates in the present study. An appropriate surgical strategy and careful perioperative assessment and management for prevention of respiratory and gastrointestinal complications might contribute to improvements in clinical outcomes after CABG in HD-dependent patients.
